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Introduction
In RAN 84 meeting, it was agreed to further study the power saving techniques of UE adaptation to the maximum number of MIMO layers.
	1)  Specify the power saving techniques of UE adaptation to the maximum number of MIMO layers [RAN1, RAN2, RAN4]
a) Specify configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a Serving Cell.  [RAN2, RAN4]
i) Discuss whether to also extend this to define per-BWP MIMO layer configuration [RAN1, RAN2] 

b) Evaluate if switching and interruption times for UE dynamic adaptation to the maximum number of MIMO layers are needed and which case assuming a relationship between the number of RF ports and the MIMO layer configuration [RAN4]

NOTE: Switching on/off the RF is part of the evaluation


Furthermore, in RAN1#96bis meeting [1], it was agreed to further study potential DCI contents for power saving, which includes MIMO layer adaptation.
	Agreements:
Potential DCI contents in DCI format(s), to be further investigated:
· Power saving technique associated with C-DRX–
· Essential for UE function for the C-DRX
· Wakeup – 
· UE is indicated to transition from outside Active Time to Active Time
· UE is indicated to stay at Active Time
· Go to sleep– 
· UE is indicated to transition from Active Time to outside Active Time.
· UE is indicated to stay outside Active Time
· FFS: The time of receiving the wakeup and go-to-sleep indication inside or outside Active Time.
· Cross-slot scheduling
· Triggering RS transmission
· CSI report
· Single vs. multi-cell operation
· BWP /SCell
· BWP & SCell together 
· BWP and SCell have separated fields
· MIMO layer adaptation/number of Anenna adaptation 
· May further depend on RAN4’s work
· Indication of CORESET/search space/candidate of subsequent PDCCH decoding
· PDCCH monitoring periodicity
· PDCCH skipping (skipping duration)- 
· PDCCH skipping – UE is indicated to skip number of the PDCCH monitoring occasions and stays in the Active Time
Note that 
· For the bullets in italic, there are concerns that some of which may have dependence on the ongoing SI in RAN2. 
· For the last two bullets, there are additional concerns that these are deemded by some companies to be not in the scope of the power saving WI approved so far 

The following candidates may be discussed after RAN2’s SI is completed:
· Skipping number of DRX monitoring 
· SPS activation
· DRX configuration 



MIMO Layer adaptation
In general, UE will not expect to receive data with the number of MIMO layers larger than the maximum number of MIMO layers configured by higher layer parameter. Since it is possible that network schedules number of layers larger than the rank reported by UE, UE should be ready for receiving based on maximum number of MIMO layers always.
For UE power saving, it is necessary that the maximum number of MIMO layers can be adjusted based on traffic arrival. When traffic arrival rate and rank reported by UE both are high, then a larger maximum number of MIMO layers value could be applied. Otherwise, a smaller maximum number of MIMO layers value could be applied, in which UE can operate at a lower clock frequency and/or load less memory buffer with low power consumption.
Additionally, it is known that MIMO layer is defined for PDSCH rather than PDCCH, limiting the number of MIMO layers does not mean that UE will use a small number of antennas for PDCCH reception. 
Configuration of maximum number of MIMO layers
In RAN 84 meeting, it was agreed that the configuration of a different MIMO layer configuration of the initial/default BWP compared with other BWPs of a serving cell would be specified by RAN2 and RAN4. This means that at least per-BWP configuration of MIMO layers is supported for initial/default BWP. However, if per-BWP configuration of MIMO layers is only for initial/default BWP, dynamic adaptation of MIMO layers cannot be achieved. In this section, we will discuss how to extend this to define per-BWP MIMO layer configuration for all DL BWPs.
[bookmark: OLE_LINK11][bookmark: OLE_LINK12]In RAN1#95, RAN1 agreed to introduce RRC signaling of maximum number of MIMO layers on a per-BWP basis and configuring the same value for all BWPs in a CC for Rel-15 [2]. 
	Agreement
New higher layer parameter is introduced on a per-BWP basis; and the UE expects that the configured value of this parameter shall the same for all configured BWPs in a CC for Rel-15
· For PDSCH, and non-codebook based PUSCH, maxRank signaling would be introduced per BWP

Agreement
Yes, the UE is not expected to be configured with CSI report exceeding UE MIMO capability (UE capability 2-3) for DL


But ultimately Rel-15 specified per-serving cell indication of maximum number of MIMO layers due to simplicity [TS 38.331].
	PDSCH-ServingCellConfig information element
-- ASN1START
-- TAG-PDSCH-SERVINGCELLCONFIG-START

PDSCH-ServingCellConfig ::=             SEQUENCE {
    codeBlockGroupTransmission              SetupRelease { PDSCH-CodeBlockGroupTransmission }       OPTIONAL,   -- Need M
    xOverhead                               ENUMERATED { xOh6, xOh12, xOh18 }                       OPTIONAL,   -- Need S
    nrofHARQ-ProcessesForPDSCH              ENUMERATED {n2, n4, n6, n10, n12, n16}                  OPTIONAL,   -- Need S
    pucch-Cell                              ServCellIndex                                           OPTIONAL,   -- Cond SCellAddOnly
    ...,
    [[
    maxMIMO-Layers                          INTEGER (1..8)                                          OPTIONAL,  -- Need M
    processingType2Enabled                  BOOLEAN                                                 OPTIONAL   -- Need M
    ]]
}

PDSCH-CodeBlockGroupTransmission ::=    SEQUENCE {
    maxCodeBlockGroupsPerTransportBlock     ENUMERATED {n2, n4, n6, n8},
    codeBlockGroupFlushIndicator            BOOLEAN,
    ...
}

-- TAG-PDSCH-SERVINGCELLCONFIG-STOP
-- ASN1STOP


[bookmark: OLE_LINK10]
Observation 1: The current RAN1 agreement on maximum number of MIMO layers configuration does not match the IE of TS 38.331
In order to achieve MIMO layer adaptation, the follow two alternatives on defining per-BWP MIMO layers configuration can be considered.
Alt 1: each BWP corresponds to one maximum number of MIMO layer value.
Alt 2: each BWP corresponds to multiple maximum number of MIMO layer values.
Each BWP corresponds to one maximum number of MIMO layer value
[bookmark: OLE_LINK3]For Alt1, there are the following two cases. 
Case 1: each BWP corresponds to a different maximum number of MIMO layers value. 
Case 2: the configured value of maximum number of MIMO layers for all configured BWP are the same.
For case 1, BWP switching can be used to achieve maximum number of MIMO layers switching, as shown in figure 1. In this case, no additional signaling is needed. However, there are a total of 4 BWPs for each UE and the number of MIMO layers can be up to 8. Therefore, the application of MIMO Layer adaptation based on BWP framework is limited by the number of BWP ID. 


Figure 1: each BWP corresponds to a different maximum number of MIMO layers value
For case 2, BWP switching cannot achieve maximum number of MIMO Layer adaptation. In this case, MIMO Layer adaptation cannot be implemented.
Each BWP corresponds to multiple maximum number of MIMO layer values
For Alt 2, there are also the following two cases. 
Case 1: one is each BWP corresponds to a different candidate set of maximum number of MIMO layers. Case 2: the configured candidate set of maximum number of MIMO layers for all configured BWP are the same.
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK1][bookmark: OLE_LINK2]For case 1, BWP switching can be used to indicate the switching of different candidate sets of max number of MIMO layers. The specific maximum number of MIMO layers value within one BWP requires additional indication information to inform UE, such as scheduling DCI. For example, a BWP corresponds to one candidate set of maximum number of MIMO layers which contains two different values, MIMO layer adaptation within the BWP needs 1 bit information in scheduling DCI. 
In this case, for one active DL BWP, the maximum number of MIMO layers can be dynamically adjusted within the candidate set. BWP switching means changing of candidate set of maximum number of MIMO layers, as shown in the follow figure. Furthermore, the application of MIMO layer adaptation can be free from the number of BWP ID.


Figure 2: each BWP corresponds to a different candidate set of maximum number of MIMO layers
For case 2, BWP switching does not cause candidate set of maximum number of MIMO layers changes, as shown in the follow figure. Therefore, MIMO layer adaptation is not associated with BWP switching. Furthermore, maximum number of MIMO layers adaptation within one BWP also need additional indication information, i.e., scheduling DCI. In this case, if we want to support more candidate values for one BWP, more bit information in DCI would be required. For example, if each BWP corresponds to 8 candidate values, 3 bit information in scheduling DCI is required.


Figure 3: each BWP corresponds to the same candidate set of maximum number of MIMO layers

Based on the discussion in 2.1.1 and 2.1.2, UE can be semi-statically configured with maximum number of layers in BWP level. In this case, additional RRC information element does not need to be introduced, which has less standardization effort. If support for MIMO layer adaptation within a DL active BWP, UE needs to be semi-statically configured with a candidate set of maximum number of MIMO layers for one BWP. Furthermore, PDCCH-based power saving signal/channel i.e., scheduling DCI can dynamically indicate the maximum number of MIMO layers to achieve MIMO layer adaptation within a DL active BWP.
Proposal 1: The max number of layers can be at least semi-statically configured in BWP level.
Proposal 2: If the max number of MIMO layers can be dynamically configured in BWP level by PDCCH-based power saving signal/channel, a candidate set of max number of MIMO layers should be semi-statically configured in BWP level. 
UE assistant information
In general, gNB does not know when a small maximum number of MIMO layers value can be applied. Therefore UE can report its desired maximum number of MIMO layers in UE assistance information.  
[bookmark: OLE_LINK13]For example, when UE is in low battery or low data rate services, UE can report a smaller maximum number of MIMO layers value. With UE assistant information, gNB will give a suitable configuration of maximum number of MIMO layers.
It was identified in RAN1 #95 that UE assistance information can be used to achieve MIMO layer adaptation and number of Rx antennas adaptation.
	Agreements:
The UE assistance information for the power saving schemes for further studies are as follows,

·  UE assistance information/feedback to assist network in configurations for UE adaptation
· UE preferred processing timeline parameters, e.g., K0, K1, K2 values
· UE preferred BWP information/configuration
· UE preferred antenna configuration, including MIMO layers, antenna panel awareness information
· UE assistance/feedback on the DRX configurations/parameters
· UE preferred BWP provided to assist network in BWP switching
· UE request on SCell/SCG activation/de-activation/configuration
· UE preferred PDCCH monitoring parameters/search space configuration/maximum number of blind decoding



There is one way to carry the identified UE assistance information, i.e. RRC. From TS 38.331, the existing UEAssistanceInformation IE as shown below can be considered as a reference to design UE assistance information on maximum number of MIMO layers for power saving. Specific signaling can be designed by RAN2.
	2>	if the UE prefers to temporarily reduce the number of maximum MIMO layers of each serving cell operating on FR1:
3>	include reducedMaxMIMO-LayersFR1 in the OverheatingAssistance IE;
3>	set reducedMIMO-LayersFR1-DL to the number of maximum MIMO layers of each serving cell operating on FR1 the UE prefers to be temporarily configured in downlink;
3>	set reducedMIMO-LayersFR1-UL to the number of maximum MIMO layers of each serving cell operating on FR1 the UE prefers to be temporarily configured in uplink;
2>	if the UE prefers to temporarily reduce the number of maximum MIMO layers of each serving cell operating on FR2:
3>	include reducedMaxMIMO-LayersFR2 in the OverheatingAssistance IE;
3>	set reducedMIMO-LayersFR2-DL to the number of maximum MIMO layers of each serving cell operating on FR2 the UE prefers to be temporarily configured in downlink;
3>	set reducedMIMO-LayersFR2-UL to the number of maximum MIMO layers of each serving cell operating on FR2 the UE prefers to be temporarily configured in uplink;



Proposal 3: The existing UEAssistanceInformation IE can be considered as a reference to design UE assistance information on maximum number of MIMO layers.
Antenna adaptation
It is known that more power would be consumed when more number of RF chains are used. In the power model discussion, it was agreed that in FR1 the power consumption of 2 Rx antennas is only 0.7 times of 4 Rx antennas. If the number of Rx antennas can be adapted, significant power saving gain can be obtained.
Antenna adaptation for PDSCH
As mentioned above, reducing RX antenna number can effectively save UE’s power. In general, the only limitation is that the number of Rx antennas needs to be greater than or equal to the number of MIMO layers for data reception. In practice, the antenna adaptation is up to UE implementation which is transparent to the network. Because of this, UE capability information elements in TS 38.331 do not include the number of Rx antennas, but include MIMO-Layers IE, as shown below.
	-- ASN1START
-- TAG-MIMO-LAYERS-START

MIMO-LayersDL ::=   ENUMERATED {twoLayers, fourLayers, eightLayers}

MIMO-LayersUL ::=   ENUMERATED {oneLayer, twoLayers, fourLayers}

-- TAG-MIMO-LAYERS-STOP
-- ASN1STOP



Proposal 4: The number of RX antennas for DL data reception is transparent to the network.
Antenna adaptation for PDCCH
In general, it is beneficial for UE to reduce the number of antennas for PDCCH reception. For example, UE can use only 2 Rx antennas to detect PDCCH when the channel quality is good enough. On the contrary, when the channel quality is bad, UE can switch to 4 Rx antennas for PDCCH reception. Therefore, the number of Rx antennas for PDCCH reception is UE's autonomous behavior, there is no standardization impact.
Observation 2: 	Limitation of the antennas number for PDCCH reception has no standardization impact.
UE assistant information
As with assistant information on MIMO layers, UE also can report its preferred number of Rx antennas. gNB may give a suitable configuration for UE based on assistant information on Rx antennas. For PDCCH reception, gNB can determine a suitable AL value for DCI transmission based on assistant information on the number of Rx antennas and channel quality, which is beneficial for Rx antenna adaptation. However, for PDSCH reception, due to assistant information on MIMO layers, it is not necessary for UE to report the number of Rx antennas.
Conclusion
As summary, we have the following proposals.
Proposal 1: The max number of layers can be at least semi-statically configured in BWP level.
Proposal 2: If the max number of MIMO layers can be dynamically configured in BWP level by PDCCH-based power saving signal/channel, a candidate set of max number of MIMO layers should be semi-statically configured in BWP level. 
Proposal 3: The existing UEAssistanceInformation IE can be considered as a reference to design UE assistance information on maximum number of MIMO layers.
Proposal 4: The number of RX antennas for DL data reception is transparent to the network.
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